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A de  sign and im  ple  men  ta  tion of a smart ion  iza  tion cham  ber suit  able for con  nec  tion into
gamma ra di a tion mon i tor ing net works is pre sented in this pa per. The smart ion iza tion cham -
ber  con sists  of  air-equiv a lent  one  li ter  ion iza tion  cham ber  with  as so ci ated  elec tron ics  and  a
built-in  mem ory  for  stor age  of  elec tronic  data  spec i fi ca tions.  Gen er ally,  op er at ing  and  mea -
sure  ment char  ac  ter  is  tics of the used ion  iza  tion cham  ber are writ  ten into the mem  ory chip at  -
tached to the cham  ber. A microcontroller-based data ac  qui  si  tion sys  tem with a mixed-mode
in ter face has been im ple mented for the pur pose of read ing elec tronic data spec i  fi ca tions from
the mem ory chip, and for con fig u ra tion and in ter fac ing of the ion iza tion cham ber to the mon -
i tor ing net work us ing plug-and-play con cept. The de tails of smart ion iza tion cham ber im ple -
men  ta  tion and test re  sults are in  cluded in the pa  per.
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IN TRO DUC TION
A mon i tor ing net work with re mote sens ing tech -
nol  ogy should be used in or  der to pro  vide for timely
pro tec tion  and  min i mal  in di vid ual  ex po sure  in  an  un -
ex pected event of a nu clear ac ci dent with re lease of ra -
di a tion  at  nu clear  fa cil i ties.  Al though  sen sor  net -
works,  es pe cially  wire less  sen sor  net works,  are
con sid ered one of the key tech nol o gies of the 21st cen -
tury, these still have not found their full ap  pli  ca  tion in
the  ra di a tion  mon i tor ing  field.  Main  rea sons  for  this
sit u a tion orig i nate in the fact that the con tem po rary ra -
di a tion  mon i tor ing  sys tems  use  very  lit tle  or  hardly
any plug-and-play (PnP) tech  nol  ogy, oth  er  wise pres  -
ent in the com  puter in  dus  try. At the same time, there
are  no  com mer cially  avail able  ra di a tion  de tec tors  ca -
pa  ble of PnP con  nec  tion to multivendor net  works.
In or  der to ap  ply PnP con  cept in the field of the
mon i tor ing  and  sen sor  net works,  it  is  nec es sary  that
in di vid ual de vices, such as ra di a tion de tec tors, in clude 
“self-de  scrib  ing” fea  tures that pro  vide the most im  -
por tant in for ma tion about the de vice. Based on this in -
for  ma  tion it is pos  si  ble to iden  tify the de  vices con  -
nected to the net  work and com  mu  ni  cate with them
through stan dard ized com mu ni ca tion in ter faces us ing
stan dard ized  com mu ni ca tions  pro to cols.  Due  to  the
de  vel  op ment of sens  ing tech  nol  ogy in the last de  cade,
smart sen  sors that con  tain a “self-de  scrib  ing” fea  ture
emerged on the mar  ket [1-4]. Such sen  sors in  clude
data in a form of a trans  ducer elec  tronic data sheet
(TEDS) lo  cated in the sen  sor.
With the aim to de  fine a stan  dard for a net  -
worked smart trans  ducer and to pro  vide for
interoperability of equip  ment from var  i  ous ven  dors,
the IEEE 1451 set of stan  dards has been pro  posed,
with the ex  pec  ta  tion that it would be well re  ceived by
both the pro  duc  ers and the us  ers of sens  ing net  works
tech  nol  ogy [5, 6]. In ad  di  tion to the Smart Trans  ducer
In  ter  face Stan  dards, ANSI/IEEE N42.42 stan  dard is
pro  posed, which spec  i  fies the data for  mat that should
be used for all data avail  able at the out  put of ra  di  a  tion
mea  sure  ment in  stru  ments. The N42 data for  mat is
aimed  at  fa cil i tat ing  man u fac turer-in de pend ent  trans -
fer of in for ma tion from ra di a tion mea sure ment in stru -
ments [7].
Ion iza tion  cham bers  are  very  con ve nient  for
con tin u ous mon i tor ing of am bi ent gamma dose rate in
vi  cin  ity of nu  clear fa  cil  i  ties, as well as in med  i  cal fa  -
cil i ties,  in dus trial  X-ray  fa cil i ties  and  in  ra di og ra phy.
The wide use of the ion iza tion cham bers in the sys tems 
of the kind is based on their good mea sure ment char ac -
ter is tics,  high  re li abil ity  and  rel a tively  low  cost.  The
ion iza tion  cham bers  have  ap prox i mately  uni form  re -
sponse in a wide range of gamma and X-ray en  er  gies,
pro vide  for  pre cise  dis crim i na tion  be tween  beta  and
gamma  com po nents  of  a  ra di a tion,  and  rep re sent  the
best choice for mea  sure  ment of high lev  els of gamma
ra di a tion.
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*  Cor re spond ing  au thor;  e-mail:  vujo@etf.rsThe ob  jec  tive of this pa  per is to de  velop smart,
net work  ca pa ble  ion iza tion  cham ber  that  would  lead
to  self-con fig u ra tion  of  mon i tor ing  sys tem  based  on
this type of de  tec  tor. The goal is to ad  vance the PnP
con  cept in the field of ra  di  a  tion mon  i  tor  ing by de  vel  -
op ing  an  elec tronic  data  spec i fi ca tion  cor re spond ing
to dc cur rent type ion iza tion cham bers, so that a mon i -
tor  ing sys  tem could be im  ple  mented and con  fig  ured
quickly and eas  ily and with  out er  rors which of  ten oc  -
curs when a sys  tem is con  fig  ured man  u  ally. Based on
the lit  er  a  ture that was avail  able to the au  thors, there
has been no at  tempt to make use of the PnP con  cept in
in ter fac ing  of  ra di a tion  de tec tors  with  built-in  elec -
tronic  sen sor  spec i fi ca tions.
This pa per is or ga nized in the fol low ing way: the 
sec tion  In ter fac ing  of  Smart  Ion iza tion  Cham ber  pro -
vides both a con cept and de tails of in ter fac ing of smart
ion iza tion  cham ber  and  de scrip tion  of  elec tronic  data
spec i fi ca tion  of  ion iza tion  cham ber.  The  sec tion  Pro -
posed Elec  tronic Data Sheet for ion  iza  tion cham  ber
fo cuses  on  the  sys tem ati za tion  of  ion iza tion  cham ber
char  ac  ter  is  tics and a de  sign of TEDS tem  plate for the
ion iza tion  cham ber.  Ex per i men tal  re sults  are  pre -
sented in the sec  tion Test  ing of Smart Ion  iza  tion
Cham ber. Fi  nally, the con  clu  sions are given in the last
sec tion.
IN TER FAC ING  OF  SMART
ION IZA TION  CHAM BER
Cur  rent type ion  iza  tion cham  ber used in this
study mea sures the av er age ion iza tion pro duced by in -
com  ing ra  di  a  tion. This is achieved by mea  sur  ing di  -
rect cur  rent (DC) gen  er  ated in the cham  ber us  ing
electrometer  am pli fier.  Con cep tual  de sign  of  op er a -
tional am  pli fier based electrometer for cur rent to volt -
age con  ver  sion is shown in fig. 1.
Ma jor  de sign  dif fi culty  in  ap pli ca tion  of  ion iza -
tion cham  ber is a pre  cise mea  sure  ment of small cur  -
rents whose mag  ni  tudes are of the or  der 10–13 A. The
ex tremely  low  cur rent  gen er ated  by  ra di a tion  in side
the cham  ber im  poses the use of highly so  phis  ti  cated
guard  ing tech  niques and an ul  tra low in  put bias cur  -
rent op  er  a  tional am  pli  fier in or  der to make the en  tire
sys tem  us able  in  en vi ron men tal  mon i tor ing  [8].
At equi  lib  rium, a con  stant volt  age Vout is de  vel  -
oped across the known re sis tance Rf, which is given by 
Vout = RfIs. In this way, sat  u  rated ion  iza  tion cur  rent Is
can be mea  sured by mea  sur  ing the volt  age Vout. When
the ion iza tion cur rent Is is known for an air-equiv a lent
ion  iza  tion cham  ber, the ex  po  sure rate is given by the
ra tio of ion iza tion cur rent Is and the mass M con tained
in the ac  tive cham  ber vol  ume
& X
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M
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The air mass M is cal  cu  lated from the val  ues of
the cham  ber vol  ume and the den  sity [8]
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where V is the cham  ber vol  ume in m
3, P – the air pres  -
sure within the cham  ber, P0 – the stan  dard pres  sure
(101.325 kPa), T – the air tem per a ture within the cham -
ber, and T0 – the stan  dard tem  per  a  ture (273.15 K).
Ion iza tion  cham ber  rep re sents  an  an a log  trans -
ducer be cause its out put pro vides only the an a log mea -
sure  ment sig  nal. In or  der to add “in  tel  li  gence” to the
an a log  ion iza tion  cham ber  it  is  nec es sary  to  in clude
elec tronic data spec i fi ca tion with most im por tant elec -
tri cal  and  mea sure ment  char ac ter is tics  of  the  ion iza -
tion cham  ber. This is achieved by at  tach  ing a small
semi con duc tor  mem ory  to  the  ion iza tion  cham ber.  In
this study, the ion iza tion cham ber spec i fi ca tions in the
form of trans  ducer elec  tronic data sheet (TEDS) and
the trans  mis  sion of dig  i  tal data be  tween mem  ory chip
and data ac  qui  si  tion sys  tem (DAQ) are ac  com  plished
in com  pli  ance with IEEE 1451.4 stan  dard [9], as
shown in fig. 2.
The  air-equiv a lent  ion iza tion  cham ber  M1000
man u fac tured  in  Vin~a In  sti  tute of Nu  clear Sci  ence,
Bel  grade, Ser  bia, is used for the re  al  iza  tion of the
smart ion  iza  tion cham  ber in this work. The ion  iza  tion
cham  ber was built on the ba  sis of the con  cept of
Novkovi}  et al. [10]. The ion  iza  tion cham  ber is pow  -
ered by 5 V ob tained via USB bus. This volt age is con -
verted to a 400 V by us ing a com bi na tion of boost con -
verter and volt  age mul  ti  plier [11]. Electrometer
am  pli  fier is de  signed us  ing an ul  tra-low bias cur  rent
op amp Ti LMP7721.
As sug  gested in eqs. (1) and (2), the ex  po  sure
rate of air-equiv  a  lent ion cham  ber de  pends on the am  -
bi ent  tem per a ture  and  pres sure.  There fore,  a  dig i tal
tem per a ture  and  pres sure  sen sor  with  I2C  in ter face  is
em bed ded in the smart cham ber to pro vide cor rec tions
to  am bi ent  con di tions.
Data ac  qui  si  tion sys  tem (DAQ) is based on a
low-cost 8-bit microcontroller with USB, I2C and
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Fig ure  1.  In ter fac ing  of  ion iza tion  cham ber  with
am  pli  fier based electrometer for cur  rent to volt  age 
con ver sionUART  com mu ni ca tion  in ter faces  and  10-bit  an a -
log-to-dig  i  tal con  verter (ADC). DAQ sys  tem per  -
forms  mul ti ple  tasks:  com mu ni ca tions  over
mixed-mode in ter face (MMI) with TEDS mem ory, the 
an a log  sig nal  pro cess ing and  con ver sion, tem per a ture
and pres  sure sen  sor read  ings, and USB com  mu  ni  ca  -
tion with PC or net  work pro  ces  sor. Af  ter con  nect  ing
the smart ion  iza  tion cham  ber to the DAQ sys  tem, the
microcontroller de  tects pres  ence of TEDS mem  ory
and  reads  ion iza tion  cham ber  spec i fi ca tions.  Dig i tal
data trans  mis  sion be  tween TEDS mem  ory and DAQ
sys  tem is ac  com  plished by means of One-wire pro  to  -
col [12]. One-wire pro  to  col uses just one wire for se  -
rial data trans fer and power sup ply for the TEDS mem -
ory chip.
An a log  volt age  out put  of  electrometer  am pli fier
is con  verted to a dig  i  tal sig  nal us  ing the ADC em  bed  -
ded in the microcontroller. Dig  i  tal sig  nal, mea  sured at
the electrometer am  pli  fier out  put, is con  verted to an
ap pro pri ate  ex po sure  rate  based  on  the  ion iza tion
cham ber's  cal i bra tion  fac tor  pre vi ously  read  from
TEDS mem  ory. Since the ion  iza  tion cham  ber is
equipped with the dig  i  tal tem  per  a  ture and pres  sure
sen  sor, the microcontroller is used to ac  quire am  bi  ent
pa ram e ters  through  I2C in  ter  face, and per  form mea  -
sure ment  cor rec tions  to  the  am bi ent  con di tions.  The
re  sult  ing value of the ex  po  sure rate is sent to the com  -
mu ni ca tion  pro ces sor  us ing  a  USB  in ter face.
The TEDS, at  tached to the ion  iza  tion cham  ber,
is im  ple  mented in ac  cor  dance with the IEEE 1451.4
stan  dard. The TEDS is di  vided into three ma  jor sec  -
tions: Ba sic TEDS, Trans ducer TEDS and Cal i bra tion
TEDS (fig. 3). Ba  sic TEDS is man  da  tory, while other
TEDS sec  tions are op  tional.
The size of the Ba sic TEDS is 64 bits, and it con -
tains the ba sic in for ma tion about the trans ducer: Man -
u fac turer iden ti fi ca tion, Model num ber, Ver sion let ter, 
Ver  sion num  ber, and Se  rial num  ber. It is pos  si  ble to
per form a unique iden ti fi ca tion of a sen sor on the ba sis 
of the data from the Ba  sic TEDS. The data in this sec  -
tion of the mem ory is de fined by the man u fac turer and
the user is not able to change it.
The Trans  ducer TEDS sec  tion con  tains elec  tri  -
cal and mea  sure  ment char  ac  ter  is  tics of the given sen  -
sor, for ex  am  ple the mea  sure  ment and the out  put sig  -
nal  ranges,  sen si tiv ity,  power  sup ply  re quire ments,
etc. The data, ac  quired by read  ing of TEDS mem  ory,
are  used  in  the  au to matic  de tec tor  con fig u ra tion.  The
TEDS mem  ory may also con  tain cal  i  bra  tion data
stored in the mem  ory's third sec  tion.
In or  der to keep mem  ory us  age re  quire  ments
low, TEDS bit map  ping is ac  com  plished through the
con  cept of tem  plates [9]. Trans  ducer type tem  plates
have been stan  dard  ized in IEEE 1451.4 for a wide se  -
lec tion  of  sen sors,  such  as  ac cel er om e ters,  strain
gauges, thermocouples, etc. How  ever, this stan  dard
does  not  of fer  tem plate  for  ion iz ing  ra di a tion  sen sors,
thus  sig nif i cantly  ham per ing  the  im ple men ta tion  of
the IEEE 1451.4 stan  dard in a net  work in  ter  fac  ing of
ra di a tion  sen sors.
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Fig ure 2. Block di a  gram of the
smart  ion iza tion  cham ber
con  nected to the IEEE 1451.4
com pli ant  data  ac qui si tion
sys tem
Fig  ure 3. Struc  ture of TEDS for ion  iza  tion cham  berThe TEDS tem  plate for the ion  iza  tion cham  ber
has been pro  posed and im  ple  mented in this work.
Read  out of the ion  iza  tion cham  ber TEDS data is per  -
formed by means of the im  ple  mented DAQ sys  tem
while the data read is the ba  sis for iden  ti  fi  ca  tion and
au to mated  con fig u ra tion of  the ion iza tion cham ber,  in
ac  cor  dance with the well known and widely ac  cepted
PnP con  cept.
In ad  di  tion to stan  dard tem  plates, smart sen  sor
man  u  fac  tur  ers may cre  ate and use their own tem  -
plates. This ap proach cov ers the sen sors not sup ported
by the IEEE stan  dard; some au  thors used the op  por  tu  -
nity and pro posed their own cus tom ized tem plates [13, 
14]. In or  der to pre  serve the interoperability and en  -
able PnP ca  pa  bil  ity a new tem  plate for the ion  iza  tion
cham  ber, based on the 1451.4 prop  erty com  mands, is
pro posed and im ple mented in this pa per, as will be de -
scribed in the fol  low  ing sec  tion.
PRO POSED  ELEC TRONIC  DATA
SHEET FOR ION  IZA  TION CHAM  BER
Elec tronic  sen sor  spec i fi ca tions  in  the  form  of
TEDS play key role when per form ing au to matic net work 
con nec tion  and  con fig u ra tion  of  a  sen sor  in  ac cor dance
with PnP con cept. This sec tion fo cuses on the sys tem ati -
za tion of the ion iza tion cham ber char ac ter is tics and stan -
dard  iza  tion of TEDS in  for  ma  tion for this type of de  tec  -
tor. Based on the lat  ter anal  y  ses, TEDS tem  plate for the
ion  iza  tion cham  ber is pro  posed and de  signed.
For a stan  dard  ized def  i  ni  tion of the con  tent of
TEDS sec  tions for the ion  iza tion cham ber, one should
be fa  mil  iar with ba  sic iden  ti  fi  ca  tion data, as well as
with con struc tion, elec tri cal and mea sure ment char ac -
ter  is  tics of the ion  iza  tion cham  ber. There  fore, a short
re view  of  con struc tion,  elec tri cal  and  mea sure ment
char ac ter is tics of the ion iza tion cham ber will be given
be low. Spe cial at ten tion will be paid to the air-equiv a -
lent dc cur  rent ion  iza  tion cham  ber that is used in this
study for the im  ple  men  ta  tion of smart ion  iza  tion
cham  ber for a net  work con  nec  tion.
Al though  ion iza tion  cham bers  have  sim ple con -
struc  tion, and are cer  tainly the sim  plest of all the
gas-filled de tec tors, there are dif fer ent types of ion iza -
tion cham bers. The fol low  ing cham ber types are com -
monly used de  pend  ing on the con  struc  tion: free-air
cham  ber, vented cham  ber, sealed low pres  sure cham  -
ber, high pres  sure cham  ber, and re  search and cal  i  bra  -
tion cham  ber.
Any fill gas can be used for the ion iza tion cham -
ber, but air is re  quired in those cham  bers de  signed for
the mea  sure  ment of gamma-ray ex  po  sure. In ad  di  tion
to air, ion  iza tion cham bers can be filled with ni tro  gen,
ar gon,  tis sue  equiv a lent  gas,  etc. The fill gas pres  sure
is of  ten 1 atm*, al  though higher pres  sures are some  -
times used in or  der to in  crease the sen  si  tiv  ity.
The ion  iza  tion cham  bers vary greatly in di  men  -
sions and ge  om  e  try to suit ap  pli  ca  tion. The elec  tric
field be  tween plates is uni  form with ion  iza  tion cham  -
bers with par  al  lel plate or pla  nar tech  nol  ogy. Ion  iza  -
tion  cham bers  with  cy lin dri cal  ge om e try,  where  the
field is in  versely pro  por  tional to the ra  dius, are fre  -
quently used as well. An  a  lyt  i  cal meth  ods for pre  dic  -
tion  of  cur rent-volt age  char ac ter is tics  of  cham bers  of
var i ous  ge om e tries  are  given  in  [15].
A change of tem  per  a  ture and/or pres  sure af  fects
the air den  sity and, con  se  quently, a sen  si  tiv  ity of the
ion iza tion cham ber. This im plies that the en vi ron ment
pa  ram  e  ters should be taken into ac  count if a pre  cise
mea sure ment  is  de sired.
Mea sur able ra di a tions with ion iza tion cham bers
are X, g, neu tron, and b-ray. For de tec tion of beta ra di a -
tion, the ion iza tion cham bers with thin win dow that al -
lows the pen  e  tra  tion of beta par  ti  cles into the de  tec  tor
are used. Beta par ti  cles are ef fec tively pre vented from
be  ing de  tected when the win  dow is cov  ered. The
cham  ber wall must be thicker in ion  iza  tion cham  bers
with high pres sure, dis al  low  ing de  tec tion of beta ra  di  -
a  tion as well as low en  ergy gamma and X  ra di a tion
(be low  ap prox i mately  40  keV).
Elec tri cal  char ac ter is tics  of  an  ion iza tion  cham -
ber  com prise  in put  power  sup ply,  op er at ing  volt age,
max i mum op er at ing volt age, volt age pla teau, mode of
op er a tion,  cur rent  mea sure ment  range  or  range  of
elec tric charge, leak age cur rent, and op er at ing tem per -
a ture range. The re la tion be tween ap plied high volt age 
and sat u rated ion iza tion cur rent for the same ra di a tion
source is im  por  tant for a cur  rent ion  iza  tion cham  ber.
When an ion  iza  tion cham  ber is in the ion  iza  tion re  -
gion, a slight in crease of the ap plied volt age should re -
sult in a neg  li  gi  ble change of the mea  sured cur  rent.
Mea sure ment  char ac ter is tics  of  ion iza tion  cham -
ber in  clude the type of mea  sur  able ra  di  a  tion, en  ergy
range, mea  sure  ment range, sen  si  tiv  ity to the mea  sured
ra di a tion,  en ergy  re sponse,  an gu lar  de pend ence,  etc.
The pro  posed TEDS tem  plate for ion  iza  tion
cham  bers con  sists of five fields: Tem  plate ID, Gen  -
eral,  Mea sure ment,  Elec tri cal,  and  Cal i bra tion  and
mis  cel  la  neous (tab. 1). Tem  plate ID field is 8-bit in  te  -
ger num  ber used for unique iden  ti  fi  ca  tion of the tem  -
plate. The Gen  eral field pro  vides most im  por  tant me  -
chan i cal  char ac ter is tics  of  the  ion iza tion  cham ber
such as: cham ber type, fill gas, fill pres sure, and ef fec -
tive vol  ume.
Mea sure ment field spec i fies the sen sor mea sure -
ment  char ac ter is tics  and  de fines  phys i cal  to  elec tri cal
map ping  op er a tion  per formed  within  the  sen sor.  De -
pend ing  on  the  con struc tion  spec i fi ca tions,  ion iza tion
cham  bers can be de  signed to de  tect X, gamma, neu  -
tron or beta ra di  a  tion. The first pa ram  e  ter in this field,
Type of ra  di  a  tion, de  fines the type of ra  dio  ac  tive
sources that ion  iza  tion cham  ber is sen  si  tive to. It is
pos  si  ble to spec  ify more than one type of ra  di  a  tion
with cor  re  spond  ing list of pa  ram  e  ters. In or  der to de  -
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* 1 atm = 101 325 Pafine the end of the Mea sure ment field, the last pa ram e -
ter, Next type of ra  di  a  tion, must be set to the value No
source. 
Elec tri cal  field  de fines  elec tri cal  char ac ter is tics
of  ion iza tion  cham ber,  electrometer  am pli fier,  and
power  sup ply.  Elec tri cal  char ac ter is tics  of  sen sor  out -
put are spec i fied us ing ion iza tion cham ber cur rent out -
put range and cor  re  spond  ing electrometer am  pli  fier
volt age  out put  range.  Spec i fi ca tion  of  op er a tional
volt  age for ion  iza  tion cham  ber is pro  vided with rec  -
om mended and max i mum high volt age sup ply pa ram -
e  ters. In  put power sup  ply for smart ion  iza  tion cham  -
ber is de  fined us  ing In  put power sup  ply pa  ram  e  ter.
Ad di tional pa ram e ters are de fined in Cal i bra tion 
and  mis cel la neous  field. Cal  i  bra  tion date is set as the
num ber of days elapsed since 1st Feb ru ary 1998. Cal i -
bra  tion pe  riod is used to warn the user if ion  iza  tion
cham ber needs to be re-cal i brated. Mea sure ment lo ca -
tion  ID  pa ram e ter  serves  as  user-spec i fied  ion iza tion
cham ber  lo ca tion  ID.
Cal  i  bra  tion data of each sen  sor can be stored in
the TEDS mem ory us ing stan dard ized tem plates: Cal i -
bra  tion ta  ble or Cal  i  bra  tion curve. Based on the cal  i  -
bra  tion data, cor  rec  tions of the mea  sured phys  i  cal
quan tity us ing cor re spond ing elec tri cal equiv a lent can 
be car  ried out.
Ion  iza  tion cham  ber re  sponse de  pends on the ra  -
di a tion en ergy and in ci dent an gle of the ra di a tion rel a -
tive to the cham  ber axis. These dependences have an
in  flu  ence on the mea  sure  ment re  sults and there  fore it
is im  por  tant to find a way to in  cor  po  rate cor  rec  tive
data in the trans  ducer TEDS mem  ory. These cor  rec  -
tions could be very ef fi ciently stored in the cal i bra tion
ta  ble. How  ever, the stan  dard IEEE 1451.4 tem  plates
do not pro  vide a pos  si  bil  ity to make cor  rec  tions to the
mea  sured phys  i  cal quan  tity based on an ar  bi  trary do  -
main  pa ram e ter  such  as  en ergy,  an gle  of  ra di a tion,
tem per a ture,  pres sure  or  any  other  pa ram e ter  which
may be of in  ter  est. For this rea  son, a new Cor  rec  tion
ta  ble tem  plate is pro  posed in this pa  per and shown in
tab. 2.
Cor rec tion  ta ble  tem plate  con sists  of  three
fields: Tem  plate ID, ta  ble header, and ta  ble en  tries.
Tem plate ID pro vides unique iden ti fi ca tion of the tem -
plate. Ta  ble header field stores data about phys  i  cal
quan tity  that  in flu ences  mea sure ment.  Do main  name
pa ram e ter  pro vides  string  de scrip tion  and  min i mum
do  main value and max  i  mum do  main value de  fine
range of in  ter  est for the phys  i  cal quan  tity. Num  ber of
en tries pa ram  e ter is used to spec ify size of the Cor rec -
tion ta  ble. Up to 127 en  try points are al  lowed. Ev  ery
ta  ble en  try has two co-or  di  nates de  fined with do  main
value  and  cor rec tion  fac tor  value  pa ram e ters.  Us ing
the cor  rec  tion ta  ble tem  plate, the en  ergy and an  gu  lar
de  pend  ence of ion  iza  tion cham  ber as well as cor  rec  -
tions due to changes in pres sure, tem per a ture and other 
pa  ram  e  ters can be writ  ten into TEDS.
TEST  ING OF SMART
ION IZA TION  CHAM BER
The  M1000 is an air-equiv  a  lent ion  iza  tion
cham  ber with vol  ume of 1000 cm3 and wall thick  ness
of  2 mm (fig. 4). The in ner sur faces of the cham ber are
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Ta  ble 1. Trans  ducer TEDS tem  plate for gamma ray
sen si tive  ion iz ing  cham ber
Field Data type and range
Tem plate  ID 8b,  in te ger  (0-255)
Gen eral  field
Cham ber  type
3b, enum: 0 = free-air,
1 = vented, 2 = low pres  sure,
3 = high pres  sure,
4 = re  search and cal  i  bra  tion
Fill gas 30b, string
Fill pres  sure [mmHg] 16b,  in te ger  (0-65534)
Eff. vol  ume [´10
–1cm
3] 18b,  in te ger  (0-262142)
Mea sure ment  field  for  gamma  ra di a tion
Type  of  ra di a tion
3b, enum: 1 = beta,
2 = gamma, 3 = X,
4 = neu  tron, 0 = no source
Ra di a tion 1b, enum: 
60Co, 
137Cs
Sen si tiv ity  [AC
–1kgs] 32b, float  ing point
Min. ex  po  sure rate [Ckg
–1s
–1] 32b, float  ing point
Max. ex  po  sure rate [Ckg
–1s
–1] 32b, float  ing point
Next type of ra  di  a  tion
3b, enum: 1 = beta,
2 = gamma, 3 = X,
4 = neutron, 0 = no source
Elec tri cal  field
Min. IC cur  rent out [A] 32b, float  ing point
Max. IC cur  rent out [A] 32b, floating point
Min. electrom. out [V] 10b, dec (0-10, step 10
–2)
Max. electrom. out [V] 10b, dec (0-10, step 10
–2)
Recom. HV sup  ply [V] 9b, integer (0-5100, step 10)
Max. HV sup  ply [V] 9b, integer (0-5100, step 10)
In  put power sup  ply [V] 9b, integer (0-51, step 0.1)
Cal i bra tion  and  mis cel la neous  field
Cal i bra tion  date 16b, integer (0-65534)
Calibration pe  riod [day] 22b, integer (0-4094)
Measurement  lo ca tion  ID 11b, integer (0-2046)
Ta ble  2.  Cor rec tion  ta ble  tem plate
Field Data type and range
Tem plate  ID 8b, in  te  ger (0 to 255)
Ta ble  header
Do main  name 30b, string
Minimum do  main value 32b, float  ing point
Maximum do  main value 32b, float  ing point
Num  ber of en  tries 7b,  in te ger  (0-127)
Ta ble  en tries
Do  main value [%]
a 14b, dec (0-100, step 10
–2)
Cor rec tion  fac tor  value
a 21b, dec (0-21, step 10
–5)
a Re  peated num  ber of en  tries timescoated with a con duc tive air-equiv a lent layer. Rec om -
mended op  er  at  ing volt  age is 400 V. 
To  eval u ate  the  char ac ter is tics  of  ion iza tion
cham  ber, it was cal  i  brated at the Lab  o  ra  tory for ra  di  a  -
tion  mea sure ments,  Vin~a In  sti  tute of Nu  clear Sci  -
ence, Bel  grade, Ser  bia. X-ray beam at ef  fec  tive en  er  -
gies of 46 keV, 114 keV, and 195 keV gen  er  ated by
Philips MG320 X-ray ma  chine, and dosimetric
gamma ray sources 137Cs and 60Co were used for the
cal i bra tion.    The  ion iza tion  cur rent  is  mea sured  us ing
the Keithley 610 C electrometer with a rel  a  tive er  ror
less than ±3%. The to tal rel a tive er ror of mea sure ment
is less than ±5%. The ion  iza  tion cham  ber re  sponse vs.
en  ergy is shown in fig. 5.
As can be seen from fig. 5, the en ergy re sponse is 
rel  a  tively  uni  form  in the range from 46 keV to the
1.25 MeV with a rel  a  tive de  vi  a  tion within the ±8%.
Gamma ray sen  si  tiv  ity of the ion  iza  tion cham  ber was
tested with the collimated 60Co source. The cham  ber
sat u rated cur rent Is as func tion of ex po sure rate is il lus -
trated in fig. 6.
Based on the ion iza tion cham ber M1000 char ac -
ter  is  tics and our pro  pos  als for TEDS tem  plate for
gamma ra  di  a  tion ion  iza  tion cham  ber (tab. 1) and Cor  -
rec  tions tem  plate (tab. 2), TEDS for smart ion  iza  tion
cham  ber has been de  signed ac  cord  ing to the pro  posal
which is pre  sented in this pa  per.
For read  ing and writ  ing of smart ion  iza  tion
cham  ber TEDS data in EEPROM mem  ory, ap  pli  ca  -
tion soft ware TEDS Ed i tor is de vel oped. TEDS Ed i tor
is a PC-based ap pli ca tion de vel oped in LabVIEW pro -
gram ming  en vi ron ment  [16]  ap ply ing  the  con cept  of
vir tual  in stru men ta tion.  Graph i cal  user  in ter face  of
TEDS Ed  i  tor is shown in fig. 7.
Ba  sic sen  sor data are en  tered by se  lect  ing “Edit
Ba  sic TEDS” op  tion from TEDS Ed  i  tor front panel.
De tails  about  the  me chan i cal,  mea sure ment,  elec tri -
cal,  and  ad di tional  char ac ter is tics  of  ion iza tion  cham -
ber are en  tered by se  lect  ing “Edit Trans  ducer TEDS”
op  tion. These data are stored in TEDS on the ba  sis of
the pro  posed Trans  ducer tem  plate for ion  iza  tion
cham  ber pre  sented in tab. 1. Ion  iza  tion cham  ber en  -
ergy re  sponse, shown in fig. 5, is en  tered in TEDS
mem ory  ac cord ing  to  pro posed  Cor rec tion  ta ble  tem -
plate (tab. 2) us  ing “Edit Cor  rec  tion TEDS” op  tion
from  graph i cal  user  in ter face.  Gamma  ray  sen si tiv ity
as a func tion of ex po sure rate, shown in fig. 6, is stored
in TEDS mem  ory us  ing “Edit Cal  i  bra  tion TEDS” op  -
tion  from  graph i cal  user  in ter face.  Sen si tiv ity  data  are
stored in TEDS ac  cord  ing to IEEE 1451.4 stan  dard
Cal i bra tion  tem plate  [9].
Af  ter cre  at  ing TEDS ta  ble, the user may store
data in “EEPROM mem ory” or “vir tual TEDS” file by
choos ing  ap pro pri ate  “tar get  lo ca tion”.  “EEPROM
mem ory” op tion pro vides data trans fer be tween TEDS 
Ed  i  tor and TEDS EEPROM mem  ory us  ing IEEE
1451.4 com  pli  ant DAQ con  nected to the PC via USB
bus. DAQ uses Mixed-mode in  ter  face and One-wire
pro  to  col for de  tect  ing pres  ence of EEPROM mem  ory
and trans  fer of TEDS data. Al  ter  na  tively, TEDS Ed  i  -
tor al  lows user to read or write data to “vir  tual TEDS”
file when EEPROM mem ory can not be at tached to the
sen sor.
To test smart ion  iza  tion cham  ber and DAQ,
which are de signed and im ple mented within this work, 
LabVIEW cli  ent ap  pli  ca  tion is de  signed. As this pro  -
gram de sign is not the fo cus of this pa per, it will be de -
scribed only briefly.
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Fig ure 4. The ion iza  tion cham ber M1000 un  der test with
X-ray ma  chine
Fig ure 5. The rel a tive ion iza tion cham ber sen si tiv ity as a
func  tion of X and gamma ra  di  a  tion en  ergy
Fig  ure 6. The M1000 ion  iza  tion cham  ber sat  u  rated
cur rent  vs.  ex po sure  rateThe front panel of cli  ent ap  pli  ca  tion is shown in
fig. 8. Cli  ent ap  pli  ca  tion al  lows a re  mote cli  ent to ac  -
cess the smart ion  iza  tion cham  ber through the net  -
work. In these ex  per  i  ments a PC is used as a net  work
ca pa ble  ap pli ca tion  pro ces sor  (NCAP).  By  choos ing
the ap pro pri ate sen sor from the cli ent ap pli ca tion front 
panel, TCP/IP con nec tion be tween cli ent and NCAP is 
es tab lished, and TEDS data from the se lected de tec tor
is ob  tained. In ad  di  tion to ba  sic in  for  ma  tion about the
de  tec  tor shown in graph  i  cal user in  ter  face (fig. 8), the
user can re  quest de  tailed TEDS data by se  lect  ing
“View TEDS” op  tion.
Based on the data re gard  ing electrometer am  pli  -
fier  and  the  ion iza tion  cham ber's  sen si tiv ity  spec i fied
in TEDS mem ory, NCAP au to mat i cally per forms con -
ver  sion from volt  age mea  sured at the am  pli  fier out  put
to ap  pro  pri  ate ex  po  sure rate. The data ob  tained from
the  tem per a ture  and  pres sure  sen sor  em bed ded  in  the
ion  iza  tion cham  ber are used for re  fin  ing the mea  sure  -
ment of ex  po  sure rate to am  bi  ent con  di  tions. Fur  ther
cor rec tions  of  cal cu lated  ex po sure  rate  is  per formed
us  ing Cor  rec  tion ta  ble TEDS data. If ei  ther iso  tope or
en  ergy of ion  iz  ing ra  di  a  tion is known, these data can
be en  tered through the graph  i  cal user in  ter  face of the
cli  ent ap  pli  ca  tion. Based on these data and the data
stored in the Cor rec tion TEDS, ap pro pri ate cor rec tion
of the mea  sure  ment re  sult is per  formed. Sim  i  larly, if
the  ra di a tion  in ci dence  an gle  to  the  ion iza tion  cham -
ber is known, then ex  po  sure rate value can be
cor  rected based on the data stored in an  gu  lar de  pend  -
ence Cor  rec  tion ta  ble sec  tion of TEDS memory.
Af ter en ter ing cor rec tion data and sen sor con fig -
u ra tion,  cli ent  ap pli ca tion  pe ri od i cally  re quests  trans -
fer  of  rel e vant  mea sure ment  re sults  and  graph i cally
dis  plays or/and re  cords ob  tained data, at the user's
con ve nience.
CON CLU SIONS
This pa per pre sented de sign and im ple men ta tion 
of smart ion  iza  tion cham  ber which can be con  nected
to the mon  i  tor  ing net  work in ac  cor  dance to the PnP
con cept.
In or  der to per  form au  to  matic net  work con  nec  -
tion  and  con fig u ra tion  of  the  ion iza tion  cham ber,  an
ap pro pri ate TEDS tem plate con tain ing all the rel e vant
con struc tion,  elec tri cal  and  mea sure ment  char ac ter is -
tics of the ion  iza  tion cham  ber should be avail  able. As
this tem plate is non-ex is tent within IEEE 1451.4 stan -
dard, it was de  vel  oped within this work. Also, a new
cor  rec  tion ta  ble tem  plate for the cor  rec  tion of mea  -
sure  ment re  sults is pro  posed in this pa  per. Based on
the cal  i  bra  tion data stored in TEDS mem  ory, cor  rec  -
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Fig  ure 7. Front panel of TEDS ed  i  tor for smart ion  iza  tion cham  bertion of the mea sured phys i cal quan tity based on cor re -
spond ing  elec tri cal  equiv a lent  is  car ried  out.
IEEE  1451.4  com pli ant  data  ac qui si tion  sys tem
has been de  signed for in  ter  fac  ing of smart ion  iza  tion
cham ber.  The  ex per i men tal  set-up  in cludes  ion iza tion
cham  ber with an em  bed  ded EEPROM mem  ory chip
for  data  spec i fi ca tions,  electrometer  am pli fier  and  as -
so ci ated elec tron ics, and DAQ based on low-cost 8-bit 
microcontroller with Mixed-mode in  ter  face. Through
the DAQ, the smart ion iza tion cham ber is con nected to 
the PC for data pro  cess  ing and net  work com  mu  ni  ca  -
tion.
The pro  posed sys  tem for PnP in  ter  fac  ing of
smart ion  iza  tion cham  ber has been tested with the
air-equiv a lent  1  li ter  ion iza tion  cham ber.  The  ion iza -
tion cham ber has been cal i brated with X-ray beam and
dosimetric  gamma  ra di a tion  sources  137Cs and 60Co. 
The data ob  tained by the cal  i  bra  tion of the ion  iza  tion
cham  ber as well as con  struc tion and elec  tri  cal char  ac  -
ter  is  tics of the ion  iza  tion cham  ber have been writ  ten
into TEDS mem ory as so ci ated to the ion iza tion cham -
ber. By means of the im  ple  mented DAQ sys  tem, the
con cept  of  au to matic  in ter fac ing  and  con fig u ra tion  of
an ion  iza  tion cham  ber as well as a cor  rec  tion of the
mea  sured value based on the cal  i  bra  tion data is dem  -
on strated.
With the aim to test the smart ion iza tion cham ber 
and DAQ sys  tem, LabVIEW cli  ent ap  pli  ca  tion is de  -
signed. As shown, the pro  posed smart ion  iza  tion
cham ber can be ac cessed over the net work and the user 
is pro  vided with the mea  sure  ment re  sults and de  tailed
in for ma tion about con nected ra di a tion de tec tor, de tec -
tor  lo ca tion  and  mea sure ment  re sult.
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Fig  ure 8. Graph  i  cal user in  ter  face of cli  ent ap  pli  ca  tion for re  mote ac  cess to the smart ion  iza  tion cham  berREF ER ENCES
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PAMETNA  JONIZACIONA  KOMORA  ZA  MONITORING  GAMA  ZRA^EWA
U ovom radu opisan je postupak projektovawa i realizacije pametne jonizacione komore
pogodne za povezivawe u mre`u za mon  i  tor  ing gama zra~ewa. Pametna jonizaciona komora sastoji
se od vazduh-ekvivalentne jonizacione komore zapremine jedan litar, prate}e elektronike i
ugra|ene memorije za pam}ewe elektronskih specifikacija jonizacione komore. U ugra|eni
memorijski ~ip upisane su osnovne, radne i merne karakteristike kori{}ene jonizacione komore.
Za o~itavawe elektronskih specifikacija jonizacione komore iz memorijskog ~ipa i za
konfigurisawe i povezivawe jonizacione komore na mon  i  tor  ing mre`u u skladu sa konceptom
prikqu~i i radi (plug-and-play), realizovan je mikrokontrolerski akvizicioni sistem sa
standardizovanim me{ovitim interfejsom. U radu su dati detaqi realizacije i rezultati
testirawa pametne jonizacione komore.
Kqu~ne re~i: pametan senzor, jonizaciona komora, povezivawe, mre`a, IEEE 1451, TEDS